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AERONAUTIC SYMBOLS

1. FUNDAMENTAL AND DERIVED UNITS

Metric English
Symbol A
. Abbrevia- : bbrevia-
T
Unit tion Unit tion
Length. .. .. 4 meter_ . _._____________ m foot (or mile) _ . .______ ft. (or mi.)
Time________ [ second_ _________ ____._ 8 second (or hour)_______ sec. (or hr.)
Force__._.____ F weight of 1 kilogram_____ kg weight of 1 pound_____ Ib.
Power_______ P horsepower (metric) - ____{ .. ___. horsepower. ... __._._. hp.
Speed v {kilometers per hour__._ .. k.p.h. miles per hour________ m.p.h.
peed. - .- meters per second____.. .| m.p.s. feet per second. _______ f.p.s.
2. GENERAL SYMBOLS
Weight=mg ) v, Kinematic viscosity
Standard acceleration of gravity=9.80665 p, Density (mass per unit volume)

m/s? or 32.1740 ft./sec.?
T
Mass=—

Moment of inertia=mk®. (Indicate axis of
radius of g{yration k by proper subscript.)
Coefficient of viscosity

Standard density of dry air, 0.12497 kg-m™-s?! at
15° C. and 760 mm; or 0.002378 1b.-ft.~* sec.?

Specific weight of “standard” air, 1.2255 kg/m*® or
0.07651 Ib.jcu. ft.

3. AERODYNAMIC SYMBOLS

Area

Area of wing
Gap

Span

Chord

Aspect ratio
True air speed
Dynamic pressure=—;— pV?

Lift, absolute coefficient qu—LS,

Drag, absolute coefficient Cp= q—DS

Profile drag, absolute coeflicient ODo=5fg0

Induced drag, absolute coefficient OD,:—-%

Parasite drag, absolute coefficient CDp=qD—§

Cross-wind force, absolute coefficient C’c=q%

Resultant force

Ty Angle of setting of wings (relative to thrust

line)

e, Angle of stabilizer setting (relative to thrust
line)

Q, Resultant moment

Q, Resultant angular velocity

puy Reynolds Number, where [ is a linear dimension

. (e.g., for a model airfoil 3 in. chord, 100
m.p.ix. normal pressure at 15° C., the cor-

responding number is 234,000; or for a model
of 10 cm chord, 40 m.p.s., the corresponding
number is 274,000)

C,, Center-of-pressure coefficient (ratio of distance
of c.p. from leading edge to chord length)

a, Angle of attack

€ Angle of downwash

o, Angle of attack, infinite aspect ratio

ay, Angle of attack, induced

ag, Angle of attack, absolute (measured from zero-
lift position)

1, Flight-path angle
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THE AERODYNAMIC CHARACTERISTICS OF SIX FULL-SCALE PROPELLERS HAVING
DIFFERENT AIRFOIL SECTIONS

By Davio Bisumasy and Epwin P HarTmaN

SUMMARY

Wind-tunnel tests are reported of sir 3-blade 10-foot
propellers operated in front of a liguid-cooled engine
nacelle.  The propellers awere identical ercept for blade
airfoil scetions, which were: Clark Y, R.ACF. 6, N A C.
Aqo0, N O A 2500 34, NOoAL O AL 2R00,
and N. A, . A 6200, The range of blade angles investi-
gated eatended from 15° to 40° for all propellers ereept
the Clark Y, for which it extended to 5°.

The results showed that the range in masimum efliciency
betwen the highest and the lowest values was about 3 per-
cent.  The highest efficiencies were for the low-camber
sections.  An analysis of the results indicated that blade
sections for controllable propellers which are not limited in
diameter should be selected ehiefly on a basis of minimum
drag (which affects marimum cfficiency) inasmuch as the
marimum lift coeflicients had only a small ¢ffect on the
take-off characteristies within the range investigated
because stalling, in general, did not ocewr. Seetions for
fircd=piteh propellers should be selected on a basis of both
minimum drag and masimum Uift, particularly for blade-
angle scttings of 20° and over, because the take-off thrust
power inercased with marimum Uift for the higher blade
angles.

INTRODUCTION

The Clark Y and the R AL F. 6 atrfoil sections have
been standard in the design of propellers in this country
for many vears. The R. AL F. 6 section was favored in
early designs but has given way to the Clark Y section
more recently, particularly for metal controllable pro-
pellers.  The relative merits of the two sections for
propeller use have been fairly well established by both
high-speed airfoil and full-scale propeller tests. The
airfoil tests veported in reference 1 showed the Clark Y
gection to have a lower minimum drag and a lower
maximun lift than the R. A. F. 6 seetion, which indi-
cates that a propeller with the Clark Y seetion would be

superior for the high-speed or cruising conditions but
inferior for take-ofl with fixed-piteh propellers. The
propeller results of reference 2 qualitatively  sub-
stantiate the airfoil results.  The principal physical
difference between the two sections is the shape of the
mean camber lines; the camber line of the RO AL F. 6
section is bigher than that of the Clark Y, particularly
for the nose parts of the sections.

The present investigation was made to determine the
acrodynamic qualities of six propellers having different
sections. The Clark Y and the R, AL I 6 sections were
included for comparative purposes. Two of the other
propellers were designed by the Bureau of Aeronauties,
Navy Department; the N. A, C. A 4400 series section
was used for one, and the N, A. C. A 4400 series section
was used for the inner half of the other, the N. A. C. AL
2400 34 series seetion being used for the outer half. It
may be noted in reference 3 that the N AL Co AL 4409
section (used at 0.75 propeller radius) has a high
Cy... and a fairly low O, and is therefore a good
compromise between the Clark Y and the R AL F. 6
sections. Inreference 4 the N. A, (. AL 240934 seetion
is recommended for propellers, particularly hecause of
its low (7, and delayed compressibility stall at high
speeds. The section is hest suited for only the tip
sections of propellers, however, because the i, 1s
low at moderate speeds.

In addition to the four propellers deseribed. there
were designed at the N. A, (. A. laboratory two addi-
tional propeilers that incorporated sections of extreme
characteristics.  One propeller has sections of the low-
camber N. A. (. A, 2R,00 series, which has a low
Op.... and a low (. ; the other propeller has the high-
camber N. A. (. A. 6400 series section, which has a
high ... and a high ;. (See reference 3.)
Tests of these propellers were added to the program to
increase the known range of the propeller character-
istics that are dependent upon the amount of seefion
camber present.



APPARATUS AND METHODS

Sinee the deseription of reference 5 was written, the
propeller-research tunnel has been modified to the
extent of installing an electric motor to drive the tunmel
propeller and of replacing the balance with a more

Frivre 1.—Liguid-cooled engine nacelle.

modern one ecapable of simultancously recording all
the forces.

A 600-horsepower Curtiss Conqueror engine (GIV-
1570) was used to drive the test propellers.
engine was mounted in a cradle dynamometer free to
rotate about an axis parallel to the propeller axis and

F1aURrE 2.—Photograph showing the plan form of all the propellers tested.

located at one side of the engine.  The torque reaction
was transmitted from the other side of the engine to
recording scales loeated on the floor of the test chamber.
The propeller speed was measured by a calibrated
eleetrie tachometer,

The engine was housed ina nacelle representative

of the type used for liquid-cooled engines.  (See fig.

The :
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height, 38 inches in width, and 126 inches in length.
A scale drawing of the nacelle is given in reference 6.

All six propellers tested have three blades, are 10
feet in diameter, and are identical in shape except for
blade sections. Table I gives the principal physieal
characteristies of the propellers tested,

TapLy 1

Propeller (Jll{rvuu Camber ! I’usit_iun of
\“’f‘”:'lr;:';}::;;'"(;”l Blade airfoil seetion (pereent (.;:"';l"‘\;:"rnzﬁffp
drawing No.) chord) cent chord)
HRO68-9 H 12,6 40
AR68-R6 AL i . . T4.0 30
6623-A NOALCUA H00 series. L. L | 4.0 40
|N. AL C AL 4900 series inner half, 1 LY 10
Go23-B__ .. R [\ AL Co AL 2400-84 series outer - 2.0 i
6623-C1_ .. N 4' AL ZRL00 L 2. (4 30
| 6623-1y_ . N LOAL61000 6.0 40
P For the .75 radins station only
-/ / .44[—""* ] T‘ T T l ‘T l I T 2‘2
! AR i i [
1 g (0l propellers,
SO 40p L P’f( pJ; 4l 4 l - ' “r2o
. B Set 35° at 0.75R e
08 36}t «gase-g and 5868-R6 .| | /.8
AL _{fllorkYy » RAF 6 ]
‘ AT
.08 .32+ A ‘ BN S
o7 cal 7 [ IR (a//propf//er;; ;4
VAT |
06 .24 5668-9 ond 5666-R6: D52
b 1
o Th' ! [ClorkY + RAF 6L REp -
05 20/ S J ‘ -+11.0
LLi DU R SUE S -
D \ ]
.04 /61D, 8
03 12} 6
.02 .08 .4
.0/ .04 2
o 4 0

F1GURE 3.-—Blade-furm curves for all propellers tested.  [), diameter; R, radius to
the tip; r, station radius; b, section chord; h, section thickness; P, geometric piteh.

Throughout this report, the propellers will be individ-
ually referred to according to their sections or grouped
according to camber ratio.  Propeller 6623-B, for
example, will be designated the N. A, (. A, 2400-34
propeller.

Figure 2 shows the plan form of the blades; the blade-

) The nacelle is oval i cross seetion, 43 inches in | form curves are given in figure 3.



AERODYNAMIC CHARACTERISTICS OF PROPELLERS HAVING DIFFERENT ATRIFOIL SECTIONS

It may be noted that the geometrie piteh isdifferent for
allof the propellers except for the 5868-9 and the 5868-Ro6.
The propellers of N. A. (. A, section were designed with
the blade angle of each section, measured from the angle
for zero lift, the same as for propeller 5868-9. As a
result of this method of design, all the propellers have
the same effective piteh distribution along the blade
but, of course, the pitches measured with respect to the
chord lines are diflerent.

Ordinates for the Clark Y and the R AL F. 6 propel-
ler sections are given in table TT and those for the four
propellers with the N. A, C. A, sections are given in
table I11.  The outlines of each blade section for the
0.70 radius are given in figure 4.

The method of testing in the propeller-research tunnel
consists in maintaining the propeller speed constant and
inereasing the tunnel speed in steps up to the maximum
value of 115 miles per hour.  Higher values of VinD
are obtained by reducing the engine speed until zero
thrust is reached.  Complications arising from com-
pressibility were avoided by running the tests at tip
speeds of feet per second and less.  The standard
initial testing propeller speed of 1,000 r. p. m. could not
be maintained for the higher blade-angle settings, owing
to the limitation of engine power; the following schedule
was therefore adhered to:

H2H

Propeller speeds for tunnel speeds below (15 miles per hour

Initial propelier epecd,

Blade angle, deg. r.p.om.
5. 1,000
20 _ 1,000
25H_. 800
30_ .. 800
35 . 800
40___ - . 700
45 .. . 700

For V/nD) values higher than can be obtained from the
foregoing schedule, the approximate test propeller speed
may be computed from the relation

K
LD M=y )

where K= 1,000 for V=115 miles per hour and /)=10
feet.
RESULTS AND DISCUSSION

The results are reduced to the usual coeflicients of
thrust, power, and propulsive efficiency defined as:

3

_effective thrust  T—AD

.= —
! pn*l? pn:i?
(.. engine power
! pn 1)
o
0wl

where

T is tension in propeller shaft, pounds.
)
AD), inerease in body drag due to slipstream, pounds.
p, minss density of the air, slugs per cubie foot.
n, propeller rotational speed, revolutions per second.
D, propeller diameter, feet.
] ’

Clark Y section, propeller 5868-9.

T

R A.F. section, propeller 5868-R6.

_—

N A C.A. 4400 series, propeller 6623-A;also
inner half of propeller 6623-B.

A

N.A.C.A. 2400-34 series, outer half of
propeller 6623-B.

N.A.C.A. 2R,00 series, propeller 6623-C.

éj ‘\*‘\
e B \
Y —— — o T T T

N.A.C.A. 6400 series, propeller 6623-D.

FioURE 4. -Blade sections drawn to scale for the 0.70 radius.

Charts for selecting or designing propellers are given
in the form of C, against 5 and V/al), where (,-:
LoV

The procedure of plotting lines of constant thrust
with respect to the power is now standardized and
facilitates caleulating the thrust at all air speeds for
controllable and fixed-pitch propellers. The outline
of the method is given in reference G.

The basic results are presented in the form of curves
in figures 5 to 28; comparisons and derived data ave
given in figures 29 to 42, The test results have been
tabulated in six tables and are available on reguest from
the National Advisory Committee for Aeronauties.
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Fioure 6.— Efliciency curves for propeller 86584 (Clark Y section).
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Fiourg T.—Thrust-coeflivient curves for propeller 5568-4 (Clark Y section).
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FrivRE 8.--Design chart for propeller 8689 (Clark Y section).
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FIGURE 12.

Design chart for propeller 5568-1R6 (R. A. F. 6 section!.
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DISCUSSION

Basic airfoil sections.—The thickness distribution
and the camber lines for the six basic airfoil sections
employed in the propeller designs are shown in figure
29. The thickness distribution (fig. 29 (a)) is about
the same for all sections with two exceptions. The
leading-edge radius of the N. A. C. A. 2400-34 section
15 shorter and the front portion is thinner than for the
other sections; also, the point of maximum thickness
occurs at 40-pereent chord for the N. A. (U, A, 2400-34
section and at 30-percent chord for the other sections.
These thickness-distribution differences account for the
superior qualities of this section at high speeds: because
the radii of curvature of the upper surface are large,

N e
] T Trawe | !
K N. A C. A {2R. 00
6400
i} o RAFE
M + Clork ¥
@ N o NACA 2400-34
a
K,M\k \ l 1 . | ]
— : * N
y "
——&
. e—
L |
Clark ¥ ~— NACA 2200-34
S RAFE -~ NACA 2R,00
- NACA 4400 —— —— N ACA. 6400 -
(b) .
10 o e el S S BN
¢ p = L - T Ty .U
N i T 7 ~[= S
P ’/'_/—’; \'t‘\\\l‘

(a) Comparison of thickness-form curves.
(b) Comparison of camber lines for 0.75R.

Fioure 20 -Comparison of thickness-fortn ctirves and eamber lines. The chord
lines for the R. A. F. 6 and the Clark Y sections have been shifted to bring the
leading and trailing edges of the camber lines together.

the local induced velocitios are kept small.  Inasmuch
us compressibility losses result from loeal veloeities
exceeding the veloeity of sound, the eritical speed for
this section is delayed to higher values.  The trailing-
edge portions of the R. A. F. 6 and the Clark Y sections
are slightly thicker than the others, but this difference
in thickness distribution of the sections is probably of
small importance.

Except for the thickness distribution of the N. A, (.
AL 2400-34 section, the only essential physical differ-
ences hetween the sections are the shapes of the mean
camber lines. The camber lines for the N. A. C. A.
sections are mathematically derived eurves and the
camber ratios remain the same for all thickness ratios.
[n the design of the present propellers of N. A. C. A.

cquently, display differences in (7, . and ¢

section, the blade seetions at different radii are thick-
ened or thinned with respect to the basic section from
the mean camber line, which remains constant. In
contrast to this method, the Clark Y and the R. A. F,
6 sections are thickened or thinned from the chord line,
which is also the lower surface. The mean camber
lines are thereby different for each section thickness,
the amount of ecamber being proportional to the thick-
In order to avoid differences in effective pitch
distribution for all the propellers, the section blade
angles were corrected for differences in the angles for
zero lift,

The niean camber lines for the stations at 0.75 radius
are plotted in figure 29 (b). Those for the R. A. F. ¢
and the Clark Y sections have been plotted with respect
to lines passing through the intersections of the camber
lmes and the leading and trailing edges and not with
respeet to the chord lines. The general shapes of the
mean camber Jines are similar for all of the sections
except for the R. A. F. 6 and the 2R,00 sections. The
R. A F. 6 section is characterized by the rapidly
increasing camber at the nose of the section, and the
camber line of the N. A. C. A. 2R,00 section is reflexed.

The effect of the shape of the mean camber lines and
the amount and position of maximum camber on the
acrodynamic characteristics are fairly well established.
In general, high cambers result in high values of
Cr..., and O, while low cambers result in low

omee 8N Oy, o It is to be expected,

ness,

values of both
therefore, that the maximum propeller efficiencies will
reflect  differences in the profile drag and that the
efliciencies at low values of V/nl) will reflect differences
in maximum lift and in drag at high values of lift. In
the selection of the sections, consideration was given to:
the minimum drag, the maximum lift, the aerodynamic
moment, and the speed at which the compressibility
stall occurred. The N. A, (. A, 2R.00, the N. A. C. A.
4400, and the N. A, (. AL 6400 sections constitute a series
differing essentially in amount of camber and, conse-
me The
N A CO A 2RL00 seetion was chosen in preference to
the N A (U AL 2400 section for the 2-percent-camber
group because 1t has a lower (7, and it was thought
that there might he some practical advantage in having
a zero change in werodynamic moment for controllable
propellers.  The N. A. . A, 240034 section was
selected because of its delayed compressibility stall.

Comparison of propeller characteristics.—In order
to study the influence that the different sections exert
on the propeller characteristics, superposed sets of
curves of the thrust, the power, and the efficiency are
given for three pitch-diameter ratios for zero thrust
(figs. 30, 31, and 32). The pitch-diameter ratios of
0.82, 1.28, and 1.83 correspond to blade angles of 15°,
25°, and 35°, respectively, for the Clark Y propeller.
The blade angles for the other propellers are slightly
different, as may be noted.
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The important difference in the thrust characteris-
ties (fig. 30) attributed to the different sections is the
value of ¢4 at which the blades stall.  The propellers
of 2-percent caomber, the N AL € AL 2400-34 and the
N. AL C AL 2RL00 seetions, stall at a (7 value of about
0.13; the propeller of 4-pereent camber, the N AL CL AL
1400 section, stalls at about 0.15; and the propeller of
G-percent eamber, the N. A C. AL 6400 section, at
about 0.19. The curves indieate that the propeller of
Clark Y section has an average camber ratio of about
0.035 for the entire propeller, inasmueh as the stall is
at a (' value of about 0.15.  The average camber ratio
is higher than that for the 0.75 radius station (0.026),
probably owing to the fact that the inbourd sections are

all definitely more highly cambered while the outboard

25

efliciency approaches the ideal for which the profile
drag is zero.  Also, the ideal efliciency is highest at
zero thrust, which explains why the peak eflictencies
occur at higher values of V/ul) for the low-camber pro-
pellers.  This shifting of the peaks to higher values of
VinD) for propellers of deereasing profile drag is of 1m-
portance in design work.  The closer the V/nl) for peak
efficiency approaches the Vinf) for zero thrust, the
smaller is the power coeflicient and, consequently, the
greater the dinmeter.  The extreme condition is for a
propeller with the ideal efficiency, i. e., maximum effi-
ciency occurring at zero thrust and zero torque so
that the diameter is infinite and the rotational speed
zero. The significance of the diameter will be elari-
fied by computations later in the report.
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FIGURE 32.—Comparison of typical efliciency curves.

ones are only slightly less eambered.  The propeller of
R. A. I, 6 section has a higher average effective mean
enmber ratio than that of its 0.75 radius station for the
same reason; it is 0.055 as compared with 0.040.

The correspording power curves are given In figure
31, In the region where all the propellers are stalled,
it may be seen that the high-camber propellers have
lower power coefficients than the low-camber ones.

The efliciency curves, given in figure 32, indicate the
effect of profile drag on maximum efficiency.  The pro-
pellers of low camber display efliciencies about 3 per-
cent higher than for the ones of high camber, and the
peaks oceur at higher values of Vinl). Both effects are
attributed to the lower profile drags of the low-camber

propellers. The lower the profile drag, the closer the

The efficiency curves also reflect the high-thrust and
the low-drag values observed for the high-camber
propellers operating at low values of Vinl). These
differences in efficiency, however, do not necessarily
represent true differences in thrust power available for
cither fixed-piteh or controllable propellers. In the
case of a combination of a fixed-piteh propeller and an
engine, differences in ('p, (design power coeflicient) will
determine differences in diameter, so that for a given
take-off speed there will be differences in Vinl), n, and
also engine speed, Ao The thrust horsepower available,
if constant torque is assumed, is obtained from

t. lll),f(l). ]]I).)o% n

where N, is the engine speed at the high-speed condition
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dition. Take-ofl criterion, V=0.25 Viyuz.

of flight. In the cuse of controllable propellers, the pitch
is adjusted to maintain Cpo and N, constant so that
different propellers will be set at different blade angles
for the same V/nD or air speed. In order to show the
eflect of the different blade sections on performance, the
thrust power available is computed and will be dis-
cussed later for both fixed-pitch and controllable
propellers.

Effect of blade section on the performance of engine-
propeller combinations.—Any conclusion drawn from
comparisons of relative engine-propeller performance
depends somewhat on the methods employed in the
analysis. 1 each propeller is selected for maximum
efficiency at high speed, the diameters of the various
propellers will be different, depending upon the design
power coefficient, Cp; which in turn depends on the
VinD for peak efliciency. The differences in diameters
will have a large effect on the efficiency at the take-off
condition; for controllable propellers the larger the
diameter, the higher the efliciency. If the V/inl) for
peak efliciency could be determined with uniform ac-
curacy for all propellers, the comparison would be a just
evaluation of the relative merits, compressibility or
tip-speed effects due to the differences in diameters
being neglected.

If the propellers are compared on a basis of equal
diameters for a given design condition, all the propellers
will not operate quite at peak efficiency at high speed.
The high-camber propellers will operate beyond the
peak and the designs will be, in effect, “compromises”
because the take-off efficiencies for controllable propel-
lers, at least, will be increased thereby. The constant-
diameter method has the advantage of comparison at
equal tip speeds, and the airplane structural limitations
on the diameter are often the determining factor.

As neither method is entirely satisfactory and both
have their merits, computations have been given for
cach. In some instances the results appear to be con-
tradictory but, if the methods are well understood, a
reasonable interpretation can be made.

In figure 33 (a) the propellers are compared on the
basis of maximum efliciency for high speed. Curves
are given for high-speed efliciency, for take-ofl efficiency
for controllable propellers of the constant-speed type,
and for take-off efficiencies for fixed-pitch propellers, all
for a wide range of design conditions (values of design
C from 1.0 to 2.5). The take-off criterion is assumed
to be the thrust power available at a speed equal to (.25
of the high speed of landplanes. This value corre-
sponds to 0.7 of the tuke-off speed for airplanes having
a speed ratio of high speed to take-off speed of 2.8. It
can be shown that 0.7 of the take-off speed is the best
single point for comparing take-off thrust as that point
represents the approximate center of the area of the
graphically integrated diagram of take-off run of most
airplanes represented by ftde, where t and v represent
time and velocity, respectively.
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In the computation of the take-off thrust power, the
engine torque is assumed to be equal to the torque at
high speed. The engine speeds are assumed to remain
constant for the controllable propellers but to decrease
for the fixed-pitch propellers in the take-ofl condition,
according to the relation

N O

No NIt
Although the pereentage of thrust power available also
represents propulsive efficiency for the controllable
propellers, it represents n(N/Ny) for the fixed-pitch
propellers.

The greatest difference in maximum efliciency is about
3 percent; the highest efliciencies are for the low-camber
propellers.

It seems strange that the controllable propellers of
low and medium eamber would also exeel for the take-
off condition. This paradox is explained by the results
presented in table 1V, The low-camber propellers are
designed with larger dimmneters than the high-camber
ones and, in order to absorb the same power at the
take-off, are set to lower blade angles for which the
efficiency is higher.

The high-camber propellers are definitely superior for
fixed-pitch propellers set at high blade angles.  The
reason is quite obvious. (See figs. 30, 31, and 32.) The
stall is delayed to higher angles of attack, i. e., to lower
values of V/nD, and the gain in efliciency due to the
lower drag and the higher lift of the sections is quite
pronounced. The deerease in engine speed also plavs 2
prominent part in the available thrust power, as is shown
in table IV. The high-camber propellers are designed
to operate at higher values of Cp than the low-camber
ones.  The higher the ('p, the less is the inerease in (p
for take-off and, consequently, the less is the drop in
rotational speed.  The stalling characteristies of the
propellers do not enter the problem for low blade angles
so that there is less choice of section for Jow design
(", conditions.

In figure 33 (b) the propellers are compared on a basis
of equal dinmeters for given values of Cs. The propeller
of Clark Y section is taken as the standard because it
is of medium camber. The diameters of the low-camber
propellers are slightly decreased from the previous
comparison and those for the high-camber ones are in-
creased.  The high-speed efliciences are slightly differ-
ent from the maximum values but the order of merit is
the same.

The order of take-off efficiencies for the controllable
propellers is changed.  The high-camber propellers are
about equal, in general, to the medium-camber ones,
and the low-camber ones have the lowest efficiencies.
The medium-camber and the high-camber propellers
are about equal in this comparison because neither type
exceeds the stall Tor the take-off eriterion (see table V);
the superior stalling characteristics of the high-camber

propellers are, of course, not utilized. The high-camber
propeller is slightly superior at a €y value of 2.5, which
shows that its stalling characteristies are beginning to
be utilized and, for higher (7 values, they should be
definitely superior. The high-camber propellers would
have been superior at lower values of (7 if the diameters
had all been smaller.  For example, if the propeller of
R. A. F. 6 section had been assumed o be the standard
of comparison instead of the propeller of Clark Y
seetion, the high-camber propellers would have excelled
at 5 values above 1.5.

Large differences in take-off thrust power are evident
for the various {ixed-piteh propellers.  This comparison
is the closest representation given of a pure efliciency
comparison beeause the take-off €7 has about the same

-alue for all propellers; they therefore all have about
the same drop in engine speed.  The results given in
ficure 32 show the same order of merit in the take-ofl
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propellers have the same diameter.

range as the comparison in figure 33 (b); both methods
indicate the superiority of high-camber propellers for
medium and high blade-angle design conditions.

Effect of thickness.—In reference 6, comparisons
were made between propellers of three different see-
tions: Clark Y, R. A. F. 6, and N. A, C. A. 2400 -34.
The propellers were thinner than the present ones
(h/b=0.07 at 0.75R as compared with £/6=0.09). In the
former comparison, based on controllable propellers of
equal diameter, the propeller of R. AL F. 6 section was
best for take-off, while the present tests indicate the
propellers of Clark Y and R. A. . 6 sections to be about
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equal. It is reasonable to assume that the differences
in relative efficiency are due to the differences in thick-
ness of the two sets of propellers.  Figure 34 shows that
the propeller of Clark Y section improves in take-off
efficiency with increasing thickness whereas the pro-
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peller of R. A. F. 6 section does not. It is well known
that O, increases with airfoil thickness and camber
up to a limit. As the R. A. F. 6 section has a higher
camber than the Clark Y, it seems logical that it would
reach its Cp,. limit at lower values of thickness.
Reference 2, which is & more general study of the effect
of blade tlucl\ness, seems to substantiate this contention.

The N. A. C. A. section propellers are not so sensitive
to change in thickness because the camber is not a
function of thickness.

Lift and drag coefficients reduced from propeller
results.—In reference 7, Lock presents two methods of
reducing propeller characteristics to airfoil results and
vice versa. In one method, computations are made for
six blade elements and the thrust and the torque grading
curves are integrated. The second method is based on
only a single radius, the assumption being that the shape
of the grading curves remains constant so that a con-
stant integrating factor is used. This method is further
simplified by the use of charts so that a propeller may be
analyzed within an hour.

Lift and drag curves derived by the single-radius
method are plotted against angle of attack in figure 35
for the six propellers with a blade-angle setting of 25°

at 0.75[; polar curves are given in figure 36. The
results for only one blade angle are analyzed. The

tests from which these curves are derived were made the

same day under apparently identical conditions and are

therefore considered to be relatively more accurate than

for the whole series; the estimated precision is within
5 percent for n,,..

O
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F1uURE 36.- Polar airfoil section characteristies recuced from propeller results. Vi1 =046 approximately); blade angle, 25° at 0755,
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Of interest are (., Cp,.., and Oy at high values
of Q.. The sections of 2-percent camber show values
of (.. of about 0.01; the sections of 4-percent camber
show values of about 0.017; and the section of 6-percent
camber shows a value of about 0.02.  The propeller of
R. A. F. 6 section, which has a camber line (see fig. 20)
different from the other sections, shows the highest
Cp..., 0.022. The 2-percent sections show values of
Cy,.. of about 1.1; the 4-percent section, of about 1.3;
and the 6-percent section, of about 1.5.

Lift and drag coefficients are of little value in deter-
mining the relative merits of the airfoil sections for
propellers unless their quantitative importance is deter-
mined. The influence of Oy at nu.. (approximately
Cp..) ON 7,4 1s given in figure 37 for the propellers
when set at a blade angle of 25° at 0.75R. Large
changes in C), are seen to affect 5,. only a small
amount. Reducing C, from 0.02 to 0.0 increases
fmaz 01l 3 percent. By extrapolation, if the drag could
be reduced to zero, the g... would be increased only to

E PP
4400/[7/79/’ half, ’
.2400-34 oufer half w‘

.50

58 2R, 00 | I
: 2460 X C/Ork Y
. 6400 0 RAF.E.

AR

.86

Tmax [
.84

T e el e I b

o A S B N S A
80._L_L7L : ‘ RN i
o .0/ .02 .03 .04 .05 .06

Blade drog coefficient of Ppue .0

FioURE 37.—"The influence of the blade drag coeflicient on the maximum propulsive
efliciency. Blade angle, 25° at 0.75R.

0.895, which is only a few percent below the ideal for
this condition. (The ideal efficiency neglects profile
drag, hub drag, body slipstream drag, rotational losses,
tip losses, blade interference, ete.) This result indicates
that the possibilities for improving n,.. by redueing the
pmﬁl(\ drag of the sections are very limited; the maxi-
mum Increase is probably not more than 1 or 2 percent
above that for the present-day standard sections. It
should be emphasized that figure 37 applies only to a
blade-angle setting of 25°. For higher angles up to
about 45°, according to the simple blade-element
theory, €, would have a slightly smaller influence on
Nmaz:
A direct relationship does not always exist between
.. and take-off efliciency because in many cases the
stall is not reached. Fixed-pitch propellers set at
blade angles below about 20° (the approximate blade
angle for stalling at zero air speed) and some control-
lable propellers set at angles as high as 30° do not stall
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during the take-ofl run.  Probably some indirect rela-
tionship exists, however, between (7, and the take-
ofl efliciency because of the drag at high angles of
attack assoclated with sections of different camber.
The relationship between the (7, and the take-off
officiencies of controllable and fixed-piteh engine-pro-
peller combinations is given in figure 38. In figure
38 (a) the analysis is based on propellers designed for
Nmaz, the data being taken from figures 33 (a) and 35.

60 : ' ‘ ; |
| ]
I oL
N T s TT—T—w0]2.5
50 » : N T
L C T <
3 i i [T 200,
QT S g
*E3< ihh_‘l:l\xr—\-\f_xsﬁ ‘ fg\
4081 et L5
&t T
~ \ o 12019
I - <15
U 30 DS % . 4G
~x et ; A
3| xS f=— T o J
il qQ [ S
B @ f
*u\; 20 -
2 |l XClork Y, ORAF.6, ANACA 4400 | .
N D{N,A.C.A 4400/m7e/‘/70/
Lo N.A.C.A.2400-34 outer half ;
@ + NA.C.A PR, 00, VNA.CA.6400 | |
\
v @ - e
g
So
N L Leles
S = 1T
Y //"‘/ 2.0
0 501 o = o1 -
* ‘v/ \ b‘q
3 |
% ) x o125 LEW ‘
[ L p—1 v n
40159 - 1 O
QDJ\ SD ; v |20
S [O- Leery sl L
g 2 S
8 30} L*-*—ti"' = rxA/Zéx(r/ “Of"/ al.
L VL b o 1.0|)
&R —f
Cq
2047 - - — =
1 ‘l -
10 “
I "
(&) | — -
I
oL i
1.4/ 1.2 1.3 1.4 1.5 1.6
C’-max

() All propellers designed for maximum efficiency at high speed.
(b) Al propellers have same diameter for a given ¢, (Clark Y propeller used as
standard).

Fiaure 38.—NKelationship between (' and the propeller characteristics for the

“maz

take-off condition. Take-off ¢riterion, 17=0.25Vyga.

It may be seen that increasing values of (', are asso-
cinted with a slightly decreasing take-off thrust power
of controllable propellers. This trend, as previously
explained, is due to the different take-ofl blade settings
necessitated by the differences in diameter.

The trend of take-off thrust power inereases with
increasing (... for the fixed-pitch propellers set at
moderately high blade angles but not for the low blade-
angle settings because the blades are never stalled.
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In figure 38 (b) a similar analysis is presented for
propellers having equal diameters, the material being
taken from figures 33 (b) and 35. In this example,
increasing values of Cp, _ are associated with an in-
creasing take-off thrust power of controllable propellers
for only the low (', range and the high design C; values.
The high-pitch low-camber propellers are the only
ones exceeding the stall at the take-off, as previously
pointed out. Ilad the diameters of all propellers been
smaller, more propellers would have exceeded the stall
and the advantage of a high lift coeflicient would be
more general.

The advantage of high hift coellicients for fixed-piteh
propellers is definite over the entire range investigated ;
it is more definite, however, for the high blade angles
than for the low ones. The take-off thrust is increased
an average of 1 percent for cach 1 pereent increase in
Cr ez for Oy values of 1.5 and over.

Effect of compressibility.—-In the tests reported in
reference 8 it was noted that propellers of R. A. F. 6
section were more aflected by compressibility in the
take-off and climbing range than those of Clark Y
section. It is reasonable to assume that the other
propellers would likewise display differences. Of the
sections incorporated in the present propellers, the
Clark Y, the R. A, F. 6, and the N, A. (. A. 2409-34
have been tested as airfoils in the N. A. C. A, high-
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speed wind tunnel and the results are given in figure
39 (from references 1 and 4). The low-speed results,
V/V.=0.40, correspond approximately to the present
results. It may be noted that the curves from these
tests of low-speed airfoils check in a relative way the
airfoil curves derived from the propeller results.

In the airfoil curves for high speed (1/V,=0.80,
fig. 39), it may be noted that the values of the mini-
mum drag coeflicient of the N. A. (. A. 2409-34 sec-
tion was doubled, the Clark Y tripled, and the R.
A. 1% 6 nearly tripled by doubling the air speed. If
all the elements were traveling at 0.80V ., the maxi-
mum efficiency of the propeller of N. A. () A, 2400 34
section would be expected to drop about 3 percent,
that of Clark Y section about 9 percent, and that of
R. A. ¥. 6 section about 8 percent, judging by the
effeet of drag on 9,,.,, a8 shown in figure 37 for the 25°
blade-angle setting.  Fortunately, only the tip ele-
ments are affected so the loss 1s much less.

For the 2-blade propeller of R. A. F. 6 section turn-
ing at 1,800 r. p. m. (V/V,.=0.83), the loss in peak
efficiency is only about 1 percent (within the experi-
mental error) (fig. 40), which means that very little
area at the tips is affected. These results have heen
translated into airfoil results and are shown in figure
41 for the purpose of comparison with the high-speed
results shown in figure 39, Some idea of the blade
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FIGURE 38.—Characleristics of three airfoils at two air speeds as measured in the N A, C. A 1l-inch high-speed tunnel (from references 1 and 4).



AERODYNAMIC CHARACTERISTICS OF PROPELLERS HAVING DIFFERENT ATRFOIL SECTIONS

area aflected may be obtained by referring to figure
42 wherein ), is plotted against V/V, (which is also
a function of propeller radius, assuming only rota-

tional velocity). 1f consideration is given to the
T L E,
| : Propeller Tip
. speed, speed,
u8 . r.p.m. fp.s. 8
c G L 1200— 628 -
| ‘
o5 o lne00----7331 |6
_ 1 /.600-—-837 | |
G [ L i .
el |\ n8o0——947 |,
- _|(viv.-083) |
‘ |
e |l | | e
[ | 41 i i | | J_J v
a 2 A4 5) .8 1.0 1.2

V/nD

FiGURE 0. Etfect of compressibility on the characteristies ofan RALF.6 propeller
(from reference X).

thrust distribution over the blade, which falls off near
the tip, it is readily seen why the propeller of the
R. A. F. 6 section loses so little in peak efficiency owing
to compressibility.

It is pointed out in reference 4 that the N. A. C. A,
2400--34 series section is superior at high speeds to the

o | | [ " 7
I U [ e A T
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Fioure 4L Airfoil section characteristics reduced from propeller results. Two-
blade propeller of R. A, F. 6 section; blade uangle, 15% at 0.75K (from refer-
eIce 8).

commonly used propeller sections and the curves that
are herein reproduced in figure 39 are given as evidence.
As a result of the recommendations of reference 4,
propeller 6623-B was designed with the N. A, C. A
2400-34 series section for the outer half. This pro-
peller was not tested at high tip speeds because the
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decrease in peak efficiency; it was concluded that any
compressibility effects of the propeller of N. A. €. A,
2400- 34 section could not be measured at g,,, with
the present test set-up.

Figure 42 shows the relative blade area affected by
compressibility for the propellers of R. A. F. 6 and

N. A. C. A. 2400-34 sections. It appears that the
tip speed must be at least 0.90V, before compressi-

bility effects at 7. could be measured on the pro-
peller of N. A. C. A. 2400-34 section, and then the
loss would probably amount to not more than 1 per-
cent, judging by the results for the R. A F. 6 seetion
for a tip speed of 0.83V,. The results of reference 9
also show that no loss in peak efficiency occurs up to
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Frovre 42.—Eifecl of compressibility on the drag of two sections when working at

lift coeflicients for maximum propeller efliciency {from reference 4). DBlade area
appreciably affected by compressibility for a tip speed equal to .83 4.

tip specds of 0.85 or 0.90V, for the standard propeller
sections,

Tests of the propellers with the N. A. C. A. sections
at high tip speeds for the take-off and climbing condi-
tions are planned. It is not anticipated, however,
that the condition of high tip speed will materially
alter the relative merits of the sections for the take-ofl
condition because: First, only the tip sections ordinarily
operate at high speeds; and, second, compressibility
tends to equalize the characteristics of different airfoils
at high angles of attack rather than to accentuate any
differences. Figure 39 indicates that all airfoil sections
have about the same (. at 0.80V .. This result
was also found to be substantially true for propellers.
In reference 8 it is pointed out that, although the
propellers of R. A. F. 6 section lost more in take-off
efficiency owing to compressibility than those of Clark
Y section, the efficiency at low tip speeds was higher;
consequently, the efficiencies tended to equalize at

z

propeller of R. A. F. 6 section showed scarcely any

high tip speeds.
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CONCLUSIONS

1. The difference in maximum propulsive efliciency
for propellers of different sections amounted to about
3 percent. The highest efficiencies were for the pro-
peller sections of low mean cambers, as may be noted
from the order of merit: N. A. C. A. 2400-34, Clark
Y, N. A CU A 2R.00, N AL CL AL 4400, R, AL K. 6,
and N. A. C. A. 6400.

2. The difference in take-off efliciency for controllable
propellers varied from 2 to 8 percent, depending upon
the section, the design €, value, and the method of
comparison. Based on propellers of the same diameter,
the order of merit of the sections, in general, was:
R.AF. 6, N. A C. A 4400, Clark Y, N. A. C. A.
6400, N. A. C. A. 2R,00, and N. A. C. A. 2400 -34.
Based on propellers of which the diameters were those
giving maximum efficiency at high speed, the order of
merit of the sections, in general, was: N. A. C. A.
2R,00, Clark Y, N. A. C. A. 4400, N. A. (. A. 2400 34,
R. A. F. 6, and N. A. C. A. 6400.

3. The difference in take-off efficiency for fixed-
pitch propellers varied through wide limits. Based
on either method of comparison, the order of merit
was: R. AL F. 6 or N. A, C. A. 6400, N. A. C. A.
4400, Clark Y, N. A. C. A, 2R,00, and N. A. C. A,
2400-34.

4. The tests indicated that blade sections for con-
trollable propellers not limited in diameter should be
selected almost entirely on a basis of minimum drag, as
the maximum lift coefficients had only a small effect on
the take-off characteristics within the range investi-
gated, because the stall, in general, did not oceur.

5. The tests indicated that blade sections for fixed-
pitch propellers should be selected on bases of both
minimum drag and maximum lift, particularly for blade-
angle settings of 20° and over. For propellers of equal
diameters, the increase in take-off thrust was propor-
tional, in general, to the maximum lift.

6. A comparison of (Mark Y and R. A. F. 6 gections
of different. thickness ratios for controllable propellers
of the same dinmeter indieated that thin (/6 0.07)
propellers of R. A, I, i seetion were superior at take-off
to thin propellers of Clark Y section, but that thick

(h/b=0.09) propellers of Clark Y section were equal to
those of R. A. F. 6 section, either thick or thin.

7. Tests already reported on the effect of compressi-
bility indicate that no correction need be applied to the
maximum efficiency of the present results for tip-speed
values of V/V, up to 0.80 or 0.90. Although corrections
should be applied to the take-off characteristics for
somewhat lower tip-speed values, the results show that
compressibility tends to decrease any differences be-
tween propellers of different section, The present tests
probably show the correct order of merit even up to tip
speeds of 600V,

LaNcLEy MEMORIAL AERONAUTICAL LABORATORY,
NarioNaL Apvisory COMMITTEE FOR AERONAUTICS,
Laverey Fievn, Va,, March 23, 1938.
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Tasre IV

PERFORMANCE OF PROPELLERN HAVING DIAMETER FOR MANIMUM EFFICIENCY AT HIGH SPLED
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Positive direetions of axes and angles (forces and moments) are shown by arrows
Axis g Moment about axis Angle Veloeities
.| Foree B o
s (paralle)l S Linear
; PR ym- | to axis . vim- Positive Designa- | Svm- | (compo- .
Designation bol {symbol Designation | 7, direction tion bol |unent along Angular
axis)
Tongitudinal.....| X X Rolling.____ L Y——Z Roll__._. ¢ P
Lateral. . ooo_____ Y Y Pitching_.._._| M Z—X Pitch..__| @ v q
Normal_____._____ Z z Yawing_-..] N X——Y Yaw_.____ ¥ w r
Absolute coeﬁicxent.s of moment . Angle of set of control surface (relative to neutral
’ M N pOSltxon), . (Indicate surface by proper subscript.)
C="5 0‘ — C=—rc
flbb g8, gbS
(rolling) : (pltchmg) : (yawing)
. 4. PROPELLER SYMBOLS
D Diameter @ ° LR . r
! ‘ b P, Power, absolute coeflicient Cp=—ﬁmg

P, Geometric pitch
p/D, Pitch ratio

5 /pl’8
V" Inflow velocity C,, Speed-power coefficient== \/ Pt

V,, Slipstream velocity . ™ “liciency
0, Revolutions per second, r.p.s.
T, Thrust, absolute coeﬂcxent 01- =niD . . Vv
P, Effective helix angle:tan‘(m)

Q, Torque, absolute coeﬂimenb Cq QD5

: 5. NUMERICAL RELATIONS
1 hp.=76.04 kg-m/s=>550 ft-1b./sec. 1 1b.=0.4536 kg.

1 metric horsepower=1.0132 hp. 1 kg=2.2046 Ib.
1 m.p.h.=0.4470 m.p.s. P 1 mi.=1,609.35 m=5,280 ft.

1 m.p.s.=2.2369 m.p.b. ‘ 1 m=3.2808 ft.
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TABLE 11
PROPELLER 5868-R6

Values of Cq Values of Cp
v Blade angle at O.75R (deg.) Blade angle at O.75R (deg.)
b 15 20 25 30 35 o 15 20 25 30 J' 35 Lo
T

0.2

'R 0.1055 10,1464 [0.1790 0.1726 0.0569 | 0,0885 | 0,1232 0,2868

. 08841 (1312 | ,1676] 0.1826]0,1762 1766 .og%o .0870| .1229( 0,1620| 0.2162| .P831

.5 L0697 { L1140 | .1541 ] .1817| .1784 LA76h L0867 | .0830] .1225) .1638] .2098| .2765

.06 L0491 | .0958 | .1387| .1780( .1798 1770 | L0380 L0761 11931 L1666 .202 L2696

.7 .0284 .0735 L1218 | L1661 L1784 L1783 | .0273| L0666 .1131] ,1851] .202 .2638

N 00581 L0547 | L1037 .1517] .1772 .1801 || ,0155| .0538{ .10 L1609 2049 .2598

.9 L0335 1 .0 L1347 ,1682 .1806 L0390 0914{ .1527] .20kl | .2588
1.0 0118 { ,0630] .1157| ,1560 L1801 0231 ,0755] .1 .2010| .2600
1.1 L0425 ,0959| .1k00 .1800 L0573 .1258] .1918 ] .2658
1.7 i,02151 Lo747) .1218 L1742 0368 .1083 1771 .

1.3 L0511 .1022 1576 L0845 ,1590| .2544
1. .0336) ,08 .10403 L0612] .13351 .2385
1.5 .0120| .o06h8 L1228 L0370 L1161 .2202
1.4 .0 L1053 09271 2008
1.7 .0276 0881 L0679 .1785
1.8 .0080 .o;o L0377 .1550
1.9 .053 .1285
2.0 .0 gg .102%
2.1 .0 0750
2.2 .0017 .oleu

Values of n Valuee of GCg4

v Blade angle at 0.75R (deg.) Blede angle at 0,75R (deg.)

D 15 20 % 30 15 [ 15 20 25 30 15 40
0.2 6 y y 186 L9g 456 8

. 0.55 0.49 0.436 0. 0.5 0.49 0, 0.385

.R .668 .501 546 o451 |0.326 249 .73% .652 608 [0.575 | 0.543 515

.5 JTH7 687 .629 554 h25 319 .92 824 .761 .T18 b g 647

.6 776 . 755 .691 .6 532 .39 Il 1.15 1,005 .918 . B60 .82 .780

.7 .7 L7197 .75 .7 .616 473 1.&33 1.202 |1.082 {1,003 .963 W91k

.8 .299 .813 .797 <754 692 555 1| 1.8 1.435 {1.258 [1.15% [ 1.098 | 1.047

.9 773 .82 794 o TH1 .h27 1.721 §1.454 {1,310 | 1.236 | 1.130
1.0 .510 L83 . 824 776 . RE 2.128 |1.675 |1.Gs2 |1.378 | 1.310
1.1 316 .838 .803 o7 1.951 {1.665 | 1.530 | 1.436
1.2 .701 .8h3 826 . 784 2,321 [1.878 | 1.69% | 1.564
1.3 .832 840 . 806 2.133 | 1.879 | 1.710
1. 'K 9 .8 824 2,447 2,081 | 1.857
1.5 L7 .B38 B34 2.900 | 2.308 .203
1.5 | (801 | .g39 2577 | 221
1.7 .692 .83 '2.212 .24%0
1.8 ‘ .382 .82 3,467 .261
1.9 . 794 .287
2.0 | o7l .315
2.1 o5 .352
2.2 % 083 .Rl&

4
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N.A.C.A. Technical Report No. 850 Table 4

TABLE IV
PROPELLER £623-8

Values of CT Values of Cp

v ] Blade mngle at 0.75 R., deg. Blnde angle at 0.75 R., deg.

D 15 20 25 30 35 4o 15 20 25 30 35 4o
5.2 0.0977 o.ouﬁg

'R L0859 0,1177 | 0.1360 | 0,1494 o.1su2 l . OB/ 0.0733 | 0.1188 | 0.1668, 0,222

. L0869 .105 L1318 | L6l .15 0.1730} .0390| .0691| .1100; J1618} .216L| o.2z4h
5 04321 ,090 L1232 [ J1393) 15401 .1692) .031 06361 1022 | L,1559! .2099 2772
.5 L0289 | .0730( .1102 | .1335( .1h770 .16M4Yf ,o021 L0664 | .o942 1 L1k90] .2025! .2701
.7 00831 ,o5bk0( .0957 .12;2 L1403 | L1588} L0090 .0LU5S| L0858 1 ,1402| .1950| .2633
.8 L0326 .0791 | L1183 .1340| .1523 .03111 .0767 | .1300( .1820( .2551
.9 ,0107 | .061 L1080 L1291 1 .1863 0135( .o648 | ,1i47| .1810| .2439
1.0 L0409 | L0879 .1227 | .1402 .ohgl L1060 .1709) L2415
1.1 | L0192 | ,0705{ .1123 | .1347 0262 ,0905' .1577 2342
1.2 +0521 0989 | .1299 .0722  .1h23F 2258
1.3 J03301 .0812 | .1225 L0506  .1237] .2121
1. ) L0174 ! L0621 | .1118 0252 1011} .1953
1.5 ok26 | .0978 .0759 1768
1.6 | .0228 | .0872 ohso| .1561
1.7 | .0029 | .0850 .01901 .1319
1.8 LOU71 .10
1.9 | .0294 L0757
2.0 1 L0113 L0857

Valués of n Velues of Ca

v Blnde angle at 0,75 R., deg. Blade angle at 0,75 R,, deg.

nD 15 20 25 30 15 4o 15 20 25 30 15 4o
0.2 0.429 0.371

.Z .586 0.482 o.zh; 0.269| 0,222 5611 0.506( o0.4591 0,429 o.40s

. .712 .612 479 .nﬁs 294 [ 0,2u3 765 .68% .622 575 L5430 0.514
.5 786 711 .602 Sy .267 .305 || 1,000 .868 .788 .72 683 NS
.6 .810 777 .702 5380 438 L3665 (11,2931 1.067 .963 .a78 825 779
.7 646 .831 . 780 6351 503 D22 (11,795 1.300) 1,146] 1,037 .971 .91%
.3 .839 825 .728F .570 475 1.604] 1,337] 1,203 1.117; 1.050
. .708 853 L7881 .6u2 .529 2,128 | 1.5671 1,278 1,267 | 1.188
1.0 868 .830{ .718 580 1.8411 1,867 1.k25| 1.328
1.1 806 8571 .783 632 2.277( 1.780| 1.592} 1.4m
1.2 2671 .831 .690 2,030 | 1.773( 1.€15
1.a W8 853 . 750 2,358 | 1.973} 1.773
1. L6341 ,860 .801 2,923 | 2,216] 1.942
1.5 .82 . EO 2.517 | 2.1e2
1.5 .760 .gh2 2.937 ?.élS
1.7 .260 .838 3.761 | 2.5Lg
1.8 810 2.825
1.9 .138 3,183
2,0 495 370k
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TABLE V
PROPELLER 5623-C

Values of CT Valuee of CP
v Blade angle at 0.75 R., deg. Blede angle at 0,75 R., deg.
] 15 20 25 30 15 Yo 15 20 25 30 5 [

0.2 0.,0902 | 0.1287 0.1610 { 0.1720 {l0.0418 | 0,0691 0.2300] 0.3005
.3 071 L1175 0.1373] o.1841 | 1576 .1717 )| +O379( .0682| 0.1139f0.1662]| .2241| .2975
b 20560 .1030| .2353] .1386 | 1534 { .1707 || .0320{ .065 .1025( .1625( .2170{ .20%

.5 L0360 0855 | ,1282| .1358 | .1h&7 | .1686{| .0231! .o0600| .0978] .1572] .2085| .29oh
.6 L0154 06671 Ja113] 1357 | Lawzi | L1skg | 012k ,0503] .0932] .1496] .1992| .e852
.7 .0 2 L0923 .1330 1 .1373 ] .1587 L03731 .osbhf 13791 .1892 .278
.8 .022 .0722 1202 | .1335 | .1522 .0219] .o0711| .1271{ .1820| .268
.9 L0009 | .0506f .1038 | .1338 | .1Lé0 L0047 L0537 .1164| .17607 .249A

1.0 . 0289 .oszo L1279 1 .1k01 .0340[ .1018| ,1671f .2354

1.1 .0069| .064k7 | .1130 | .1366 .0127{ .0830{ .1535] .2280

1.2 L0431 | L0932 ] .1369 L0605) .1337f .2227

1.3 L0207 { 0727 | .1312 .03 .1108| L2102

1. L0515 | 1125 L0846] .1887

1.5 .0302 | .0930 .0558! L1640

1.6 .0100 | .0733 .02 L1376

1.7 L0537 .1098

1.8 .03 .0790

1.9 .0123 .0l

Values of TN Values of Cg4
v Blade angle at 0.75 R., deg. Blerde angle ot 0.75 R,, deg.
b 15 20 25 30 35 4o 15 20 25 30 35 4o

0.2 0.432 0.373 0.140 | 0.115 0.378 | 0.341 0.268 1 0.254
.3 587 .517 |0.362 0.260 #2112 .173 576 .513| 0.463 1 0.430 . .382
R .700 629 | .62 341 28 .232 .79 .690 631 57 .2:2 511
.5 .779 1121 W6 .,RE .35 .290 1.064 J&79 .79 .72 . LBlo
b . 784 1 WT16 5 43 347 1446 | 1.091 . 965 &77 829 ¥en
.7 L831 | .765 .672 »508 .Rgz 1,352 1.149| 1.0 <976 .90k
.8 .818 | .812 .75 588 . 1.7171 1.358| 1.208) 1,125 1,040
.9 172 1 .48 . 803 685 .526 2,6321 1.615| 1.385| 1.275 | 1.187

1.0 +851 .835 765 .59 1,965 1.580] 1,430 ] 1.335

1.1 .600 .857 .810 .659 2,637] 1.8121 1.6001 | 1.478

1.2 855 . 837 .73 2,105 1 1.793 | 1.620

1& .791 853 .811 2,855 2,018 | 1.776

1. -853 -835 2,299 { 1.955

1.2 .2%2 .ggg ;.g 2.152

1. . . . 2.37

1.7 7 .832 aed

1.8 775 2.992

1.9 531 3.550
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TABLE ¥I
PROPELLER £623-D

Valuee of Cp Values of Cp
v Blade angle m~t 0.75 R., deg. Blede nngle »t 0.75 R,, deg.
nD 15 20 2 30 35 ko 15 20 25 30 35 Lo
g.2 0.1673 10,1273 | 0.1799 | 0.1886( 0.1957 0,1034 |0.12601 0.1708 [ 0,2510( O.30U0
.3 0.1173 1588 | ,1831 | .18 L1860 1930 |l 0.0673| .1037 | .1300} .1700 | .2 K 3015
. .1011 L4751 .1769 ] .18 188 ,190 L0638 1 ,1029 | L1343 { 1694 | .238 2982
.5 .0829 L1326 .16{3 .187 .1838( 188 .05801 ,1003 1 .1377] .1703 | .22567( .29M
.6 L0631 J11kg | L1546 ) L1830 .1875] L1872 0093 | (0948 | L1381 .1738 | .2180| L2895
.7 LOU21 .0956 | .1388 1221 .1918| L1859 L0371 { .oas7 | .13k2| 1772 | .2149] L2881
.8 L0171 o7ka | L1210 .1645 | .18831 ,1862 02421 ,0730 | .1260{ .1792 § .2165| .2797
.9 .0528 1008 | .1505 | .18156| .1920 0573 | .112 .1267 22131 L2773
1,0 .0295 | 0798 ! .1339%{ .1727 .3925 L0387 | .0959| .1665 | .2240} L2767
1.1 L0022 | .0590 | .115 .1510| L1868 L0187 | .0773| .1538{ .2221| .2780
1.2 0382} ,0957 1 .1u58) ,1&28 05621 L1370 | L2144} o825
1. L0153 1 L0752 .1272] L1755 L0325 ,116T | .2002] .286
1,3 05411 L1072 .1232 L0912 1 .17991 .278
1.5 03231 .08 E .1 L0631 | 1557 .2583
1.5 0099 | .06 .1208 L0350 | .1283( .2350
1.7 L0617 L101 .1000| .20#&9
1.8 .0253) ,081 0714 .1s03
1.9 00431 L0620 Lok19f  ,1k498
2.0 L0421 L1175
2.1 0222 +«08
2.2 0022 <051
Valuez of m Values of Gs
v Blede mngle at 0,75 R,, deg. Blrde engle at 0,75 R,, deg.
AD 15 20 25 30 35 4o 15 20 25 30 35 40
0,2 0.297 | 0.211} 0,150 | 0.129 0,302{ 0,285 | 0.264 ] 0.254%
.a 0.52 0.452 422 .325 227 .192 0.515 | O.472 RN L27 .397 L381
. .63 .27 527 R .309 256 .693 .630 .598 571 532 510
.5 .715 .562 607 .550 . .321 885 .792 743 712 b7 538
5 768 .726 672 632 516 388 1.095 .962 .891 851 .81 .769
7 L794 781 . T24 691 .ha5 . 3.352 | 1.146| 1,086 +990 952 .901
.8 565 818 . 768 T34 .69 533 1.68 | 1.351] 1.210] 1.12&8 | 1.08 1.032
.9 .829 .807 .766 .13 623 1.596| 1.393) 1.272 | 1.22 1.16
1.0 763 832 804 71 .699 1.3%3 1.600 ] 1.430 ) 1.348 | 1.29
1.1 .129 .8 .827 .19 .7 2. 1.836| 1.599 | 1l.487 | 1.421
1.2 516 838 .81 77 2.135{ 1,786} 1.632 | 1.545
1.3 .612 .ahe .826 797 2.5%0 | 2.000 | 1.79% | 1.662
1. J831 .83k . 805 2.262 | 1.972 | 1.809
1.5 .765 836 .85 2,604 | 2.177 | 1.966
1,5 .53 .831 822 32125 2.hla 2.136
1.7 . 784 .824 2.69 2.325
1.8 .638 A6 3,061 | 2.533
1.9 195 .786 3,585 | 2.780
2.0 .77 3.g£o
2.1 .552 3, Lhg
2.2 094 3,973













